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. Background

The Chinese government target for PV installation by 2015 i
5GW, including 10GW DG-PV.,

30 demonstrations of micro-grid is one of the key tasks.

otential of Hydro/PV/Battery(HPVB)-supplied Micro Grid

About 45,000 small hydro-powers supply 300 mil. populatio
| China. But there is serious electricity shortage especially i
ry season.

There are many hydro-powers in worldwide, such as in
dia(2.4GW), Asia-Pacific region, Africa and Brazil.
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Background of Yushu Project

SRR IEEEEM, AO315, KELEETRE BHXER

ushu is far from Qinghai main grid and the population is about 310,000.

B HEN (BFE) 2B/ NKE12MW, ZLZHEDEO= 2MW(ERTER12.6MW\
lectricity(after earthquake): 2 small hydro-powers (12MW); power shortage=2MW
KPHEERR © L FEE, HIREG#2600~3600h, FiE§T=6500MJ/m2LL
olar resource: sunshine hours 2600 ~ 3600h; the annual radiation = 6500MJ/m?
BRAEE | EIZ1OMWpItE (Ffifee) +12MWIKE, FZRRIK/SE B # M
olution: 10MWp PV(with battery)+12MW hydro-power, to form a HPVB MG.

THREESK | —HRRRIBOMWpL R, RS S R4\, H
st stage: 2MWp PV to support 4h peak in winter and to supply critical.
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. Integration of the microgrid system(1)

Main Considerations

A

Main goals of designing a HPVB-supplied MG

TRt
Adequacy

A

RAETENE

REFIFHZE

Stability RE Availability

BNSRaf @ AfRESE. =T, JHIZEMN

Peak and valley load , seasonal feature; and isolated grid.

IOKER C BREFIETKE (H. B, & &F) |, $hkEMFEKE

Small-hydro: without or with a reservoir, dry or rainy season.

JERRER | EEALE. BENE. =T

Solar resource: random, intermittent and seasonal feature.

RITERIZE  LRIRIFEI. BERES

Generator/Storage: types of solar tracker, storage and etc.




. Integration of the microgrid system(2)

L RS RE RS

heme of Yushu MG

B0000/R/ME00000

>332 A 35kVE [ EZEZR

A Connect into 35kV-level
%SF : . R 20 wm oD 00 > EMIAE
T 3 l $ MO B0 ARl Scheduled by control
i % 5B 9B center
: % % Boa L ED | > 1\KEB 2K
.-.-.-.-..t% ] waw | Hydro carl_output all tim
it b, BN rr—— > JEARTERE S 1E8:00-12:0
e T | LR E—E@{:* « | PV outputs in peak time
i: s | . e S §EDDD ....... %_:%Ei?‘ﬂ (8:00pm-12:00pm)
QYRR %g% F 5K B+ AR
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. Integration of the microgrid system (3)

ER2MWIEIR-fEEE B UG
MW PVB station of Yushu
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Ainitomation Svetftam

>2MWp-F B TCIRFES
2MWp H-axis PV array

>15.2MWh$E R Z Ea it
15.2MWh Lead-acid

> BIL R 2R 5 B b R

automation system
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JEIR-fifi BE BB UL RF

New Feature:

|52 | B L ThER T E

Schedulable of PVB ste
> X RN e B
Load’s smart allocatior

> B SR BRI T T A

Supply auxiliary power

during grid is down.
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. Integration of the microgrid system(4)

ISRV T B A

Inverter’'s power allocation strategy

> ETEHMEEIRTSNSE KRR Battery SOC-based strategy

> T TR A=RIA192 %KE& Proportion strategy based on the inverter capacity
> ThERFL D BCERAS Equivalent power allocation 1. 58 thEN?
VI ETh S Lifetime of battery?

2 AT FRRER ?
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. Integration of the microgrid system(s)

35kV T 35kVEE,M1$ EE,H%I‘Ej 35kV T
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. Key equipments research(x)

T/ > S AE

ock diagram of PV/Battery

branch
VAR %S

> %%Llf-t BRZBEREEZ. THEEG . SZERFANEEETE RS,

Key equipments:Self-synchronrous Voltage-source Inverter. Charger.

Integrated Automation and Energy Management(IAEM) |

Tl L U]




> /';‘. /‘} 'f: ‘)n)
f e Ch e a IR
PINESE ACADEMY OF SIS

. Key equipments research(2)

HREZBERE TS

Self-synchronrous Voltage-source Inverter

> MEREFETT @ EDE200kVA, FRAME5.7%, HiHEHEEIERTHD < 3%
Performance: Rated Capacity 200kVA, Max efficiency 95.7%, THD < 3%
> REROK | FAEEHIRA, R EVH, PTaRERPERAR

Key Technolog: Parallel Control, Smooth Transition, Inverter Protection

EMA R =~ Endia+d '"HaWli* "B+ EMA R -

s (lx—t Bl B
BAREAAE *%ﬁm

Technlcal solutions
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Parallel Control

Technology of Inverters i I e e
T T
@AM T ERVEFIF T, S} lommy o damm] |,
B e AL T RS it
Increase external characteristic - i

drooping control, to achieve a Eﬂﬂﬁ m%}m%u;ﬂ:.

similar droop characteristics of Control schematics of self-synchronrous Inverter
the generator rotation )
&0 1 ##0 0 0 ST "
£ oy . N I —
%Eﬂié& HM ud‘:'%&:—lh Ml . E :, Dﬂ:&ﬁ Q.OT Y ROT T—PI 0
No interconnection lines " R o
| [ [ |
o~ | I LT ppy
j:)—ﬁ',El];ﬁEI]m u; | @P: : 1 : :=D :ff v,
ig:—> I : Ms+ D : : : [mon 1 af|nwnr i PQ A
Expansion, Plug and Play fmmmmos e e o i e B
' TEHIIER ="
Block diagram of droop control FH BRI I AE

Block diagram of parallel control
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Parallel Run
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Smooth transition of two modes

J J R AR
|D %}El:l-ﬁ_ltEE;ﬁ, ZIZ;-%-{;]J'TF& S :
UMJS& f/
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No peak current, smooth transition p— E i ]_ o
IO FFMEIRIZ Y72 A3 8 120ms e e
(g . . I 1131 : ______ - ___________; _____ f i
Transition time from grid-connected mode ol
to stand-alone mode is 120ms. R U RIE

Principle of Mode Transition
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. Key equipments research(3)

= 37T B 22 il

Charger

> [EEETETE | BIESE150kW, MPPTIRIRIRZE = 1%, RATHUEE 98.5%
Performance: Rated Capacity 150kW, MPPT tracking deviation = 1%, Max
efficiency 98.5%

> RERAK  ZERAFTBEFERAR, FAIERLRIREA, FTREHIZRARPRAR

. Key Technolog: Three Stages Charging method, MPPT, Charger Protection
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The max efficiency is 98.5%. The efficiency reaches 93% when output power
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Efficiency of Charger

7o EE P g 1B A TR P e

Efficiency nof Charger Lo / 2
N ‘ W, £ ©

wmEy | A | 2F | mab | ax "o e

; ' kW Y N / — s
0 20 20.62
WA | 53313 ] 1500 | 795 | 53 o -
() 7.95 30.94 70.1 124.87 150
Wi | 7437 | 995 | 7.40 3037 RS o
SLIO R 2%
B | 52093 | 59.54 | 30.94 | 20.62 oo Efficiency in lab
i 149.93 | 199.58 | 29.92 S —
80 Jﬁ-"
#A | 509.38 | 138.00 | 70.10 | 46.73 e
97.53% 5 . |
wH | 22776 | 30074 | 68.50 ’ o |
g s \
LTPN 501.07 | 249.42 | 124.87 | 83.24 o ;d N
H 98.05%  ENYICENAIRECERSSLEISRERARY
! 306.21 | 399.81 | 122.44 AAREEEEEEEELEEEREREELERE
B | 500.07 | 299.95 | 150 100 05 TR H5 R g
it 31221 | 47323 | 14775 o0 Efficiency at PVB station of Yushu
O = ATTERE98.5%, MLS%IETIER (8kW) B, 3MZKiX93%.
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Three Stages Charging Method o - | o
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the battery to extend life time
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Floating charge
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Output voltage of charger
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Output current of charger
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> 150 Monitoring
+- i ABNE SR —ARBES PV arrays
- i - —A% g inverters
ol - —ZHIRA states of battery
— i R > Pl Control
M iﬁ%ﬁr """"""""""""""""""" — 2 B8 FT X BIE Line switches
o : L WAL 23 LHERIFT5 Power adjustir
B — & 5% B Automatic
| 5 i [_-ﬁnﬂ — | ’» /| generation control
i Mmm R i d_ | "l” i > {RiF Protection
% ] i A BB R i ﬁ i —Z B I K Over/under
& o 4 o charge of battery
AR — L IRAKEB LRI Relay
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Key Technology of IAEM
zh % EHEElE. K. Automatic Generation Control
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|IAEM platform in lab
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IAEM at PVB station of Yushu
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.Conclusion

KB ZEBMAREE B X S BN —M BT, BHEBREIRKE]
w2y, FhAKEREBE, KOC/ELIMABMNERRIFHNNAERZE .

Small hydro-power is a common supply in weak grid or remote area. But there is
electricity shortage in dry season. HPVB-supplied MG has potential in such area

EERKMEHEBNA, JeiEBiEER 1ﬂFEfl:%|$ 1 BB [ S R vt P BB 0l
E, =& FRFFTAENRENE, S—MrEEHE BN BIRI

In Yushu demonstration, PVB station can be scheduled and supply critical load

lLIJ

when grid is down, which improves adequacy and stability. This mode is worthy c
widely spread.

IKITEIMEFREBINRY X R ARFBZRAMNS, HlalZEG SRR, MNIEES
THEARERI RS,
Key technologies of HPVB-supplied MG need further research, such as controller

and inverter, schedule strategy, capacity configuration etc
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